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ABSTRACT: 
The UK based Earthquake Engineering Field Investigation Team (EEFIT) conducted a reconnaissance mission 
to the Padang region of Sumatra in Indonesia, to study the effects of the Mw 7.6 earthquake that occurred on 30th 
September 2009.  The purpose of this mission was to gain insight into how buildings and infrastructure 
performed during this earthquake and the consequent effects on the local community.  As part of the mission, the 
feasibility of using remote sensing technologies to determine the vulnerability of landslides was assessed. The 
results of this mission are presented in this paper. 
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1. INTRODUCTION 
 
On 30th September 2009, a major earthquake registering a magnitude Mw 7.6 occurred off the coast of 
Padang in West Sumatra at 05:16 pm local time (10:16 am UTC), followed the next day at 08:52 am 
(01:52 am UTC) by another earthquake occurring inland and measuring Mw 6.6. The Mw 7.6 
earthquake was triggered by an oblique-thrust faulting near a long undersea subduction fault interface 
between the Australian and Sunda plates, while the 6.6 Mw earthquake occurred due to a dextral 
(right-lateral) strike-slip movement at the nearby Great Sumatran fault (USGS, 2010a,b). Both fault 
lines run parallel to the Sumatra Island as illustrated in Figure 1. The United States Geological Survey 
(USGS) estimated the focus of the Mw 7.6 earthquake to be located at 0.725oS, 99.856oE at a depth of 
81 km and a distance of 60 km west northwest of the low-lying coastal city of Padang. The epicentre 
of the event occurred in the same region of the Mw 9.1 Sumatra-Andaman earthquake in 2004 (USGS, 
2004) that generated a tsunami which resulted in a death toll of more than 226,000 in 8 countries (EM-
DAT, 2005). In the 30th September event, a tsunami warning was issued but later withdrawn. 
Significant damage to buildings and large-scale landslides occurred due to the earthquake.  
 
 
2. SUMATRA’S HISTORICAL SEISMICITY AND THE GEOLOGY OF PADANG 
 
The island of Sumatra sits adjacent to the Pacific Ring of Fire, outlining the tectonic fault boundaries 
with frequent earthquakes. The seismicity in the region is controlled by the subduction of the 
Australian plate beneath the Eurasian plate. The subduction between these tectonic plates occurs along 
the western side of Sumatra forming the Sunda trench. The subduction zone at the Sunda Trench is 
known for producing mega-thrust earthquakes such as the Mw 8.8-9.2 in 1833, the Mw 8.3-8.5 in 1861, 
the Mw 9.0-9.3 in December 2004, the Mw 8.7 in March 2005 and the Mw 8.4 in September 2007 
(Irsyam et al., 2008). The Great Sumatran fault lies at the oblique convergences of the Australian and 
the Eurasian plates and is highly segmented with majority of the segments being less than 100 km long 
(Natawidjaja, 2002).   
 
 
The geology of Padang is divided between the lowlands near the coast and uplands landwards into the 
volcanic mountainous terrain as shown in Figure 2. The lowland areas of the province are situated on 
young alluvium sediment, whereas the upland areas are mostly quarternary volcanic sediment, which 
have been exposed to long-term erosion. Many of these areas are relatively densely populated because 
of their suitability for agriculture. However, due to the volcanic geology, these upland areas with steep 
slopes and loose weathered sediments are highly prone to landslides especially in rainy months of 
January and August (Khomarudin et al., 2006). 
 
  
 
           Figure 1.  Earthquake locations plotted on           Figure 2. Geological Map of Padang 
       GoogleTM Earth background                                 (Source: Geological Agency-Dept. of Energy and    
 Mineral Resources, Republic of Indonesia, 2009) 
 
 
3. THE 30TH SEPTEMBER 2009 EARTHQUAKE 
 
The epicentre of  the Mw 7.6 earthquake was about 54 kilometres northwest of the low-lying coastal 
city of Padang (population around 900,000), the capital of Indonesia’s West Sumatra. Padang was 
heavily damaged with a total of 379,201 buildings affected at different levels, with 3,515 injury cases 
and 1,117 fatalities (BNPB, 2009). Out of these buildings, 10 hospitals, 53 community health centres, 
137 supporting community health centre, 15 village clinics, 6 official buildings, 69 official houses and 
2 pharmaceutical warehouses collapsed or had moderate to significant damage due to the earthquake. 
The distribution of the damage was in agreement with the degrees of shaking based on the estimated 
Modified Mercalli Intensity (MMI) from USGS, with districts near the coast suffering the heaviest 
losses as shown in the red-highlighted values in Figure 3.  
 
 
 
Figure 3. Distribution of losses (BNPB, 2009) and MMI scale felt (USGS, 2010a) in the districts of Padang, 
plotted on GoogleTM Earth base  
4. FIELD SURVEY   
 
The 5-day reconnaissance trip from 7th to 13th November 2009 covered most of Padang (Wilkinson et 
al., 2010), surveying buildings in China Town (Pondok), Jati, Ulak Karang, City Centre and Air 
Tawar. The outlying districts of Pariaman were also visited, where a third of the total fatalities were 
reported in these landslide-affected areas. The survey covered slightly more than half of the densely 
populated regions of Padang and Pariaman, extending a total area of approximately 245 km2, in which 
125 km2 were in Padang, and 120 km2 in Pariaman. More than 200 buildings were surveyed in Padang 
and approximately 60 village buildings in Pariaman. To better understand the impact of the earthquake 
on the affected communities, interviews with non-governmental organisations (NGOs), the Director of 
the local water authority, hospital public relations officers, Deans, Heads of Schools and lecturers 
from the Civil Engineering faculties of two local universities, the Army personnel from the Pariaman 
Mayor’s Office, as well as interviews with locals from the city and villages were conducted. 
 
4.1. Damage to structures 
 
A brief summary of the construction typology in Sumatra and the major building types that performed 
poorly are presented in this paper. The structures in Padang are primarily made of mansonry structures 
(both confined and unreinforced) and reinforced concrete frames with masonry infill. Due to the 
planning regulations limiting building heights to six storeys prior to the relocation of the airport in 
year 2005, the vast majority of the buildings in Padang are one or two storey residential or two to three 
storey commercial structures. Only a few steel buildings were observed in the city. The build quality 
was typical for a region at this stage of development with the majority of small structures being very 
poorly constructed with low quality building materials and little or no planning permission.  Of the 
larger engineered structures the quality of construction was often reasonable, but poor quality was also 
observed.  
 
The first Indonesian national seismic code was first developed in 1983 (PPTGIUG-1983). It was 
adopted from the New Zealand seismic standard which applied equal risk concept with 200 years 
design earthquake return period.  This code had been revised several times since then. However, it was 
until the year 2002 onwards, when engineered structures were obliged to meet the requirements of the 
national seismic code SNI-1726-2002, which can be described as a modern code similar to the 
American UBC 1997. This may explain the seemingly inadequate design and supervision to buildings 
constructed prior to the implementation. During the field survey, very large spacing between confining 
links, particularly at the beam/column unions, was commonly observed in collapsed reinforced 
concrete buildings. The use of plain bars for links and main reinforcement instead of ribbed bars was 
another common feature observed in collapsed buildings as illustrated in Figure 4. Soft storey collapse 
was observed to be the major contributor to the collapse of major engineered structures. Figure 5 
shows a typical soft storey collapse in the city of Padang.  
  
       
 
Figure 4. Smooth plain bars used as main              Figure 5. Soft storey collapse of the Ministry of     
reinforcements (found in a collapsed shophouse)       Public Works building 
 
Of the engineered structures, Government buildings and hotels seemed to be particularly affected 
(although these are the majority of this building type). Unreinforced masonry infill panels performed 
poorly with extensive cracking. Schools were usually simple one storey masonry structures with 
timber and corrugated steel roofs. They performed particularly badly with 2,164 severely damaged 
(BNPB, 2009), many of them experiencing collapse.  
  
4.2. Geotechnical failures and liquefaction 
 
Foundation failures were minimal in Padang. The foundations of buildings were mostly intact with 
some minor settlement. One of the university buildings in Universitas Negeri Padang founded on piles 
had suffered slight differential settlements. This led to cracks and settlements in one of the adjoining 
classrooms. The foundations, however, may have been founded on deep stiffer soil, which therefore 
resulted in minimal structural damage. Figure 6 illustrates the settlement of the surrounding soil of 
about 100mm relative to the pile foundation. Coarse sand deposits were found in this area as shown in 
Figure 7. 
 
                   
     
Figure 6. Settlement of soil around a column Figure 7. Coarse sand grains found within the 
 of a university building proximity of the university building 
 
Liquefaction was observed in some areas of Padang, however damage was minimal (with only one 
exception in the city periphery). This is attributed to the high sand content and water table present in 
Padang which is located on a low coastal strip. The tension cracks on the road and near the beach were 
the result of lateral spreading as portrayed in Figure 8. Landwards into the Padang city core, the Mere 
Amelie Church suffered effects of liquefaction as well. Sand boils were observed in the school beside 
the church (Yayasan Prayoga SD Agnes). These sand boils were predominantly silty sand which came 
from the soil depths beneath the topsoil.  
 
                                     
    
      Figure 8. Tension cracks arising from         Figure 9. Upheaval of floor slabs due to liquefaction 
        lateral spreading    
 
In low land regions such as the Siteba and Perumdam Villages, clear signs of liquefaction were also 
sighted. A well in Siteba Village had been choked by the rising sand due to the build-up of pore water 
pressure during the earthquake. The excavated soil was investigated and found to be uniformly graded 
fine sand, confirming liquefaction. In Perumdam Village, two adjacent single storey houses near the 
river had suffered from the effects of liquefaction. Excess pore water pressure had built up below the 
floor slabs. This led to the upheaval of the floor slabs as portrayed in Figure 9. Once the cracks in the 
floor slabs had opened, the water could flow out, thus relieving the excess pore pressure and allowing 
the floor slabs to settle back.  
 
4.3. Landslides 
 
Landslides were widespread in the mountainous topography landwards of Pariaman. Figure 10 and 
Figure 11 show some of the landslide sites visited in the worst-affected district of Nagari Tandikek in 
Pariaman. Two villages, Pulau Air and Cumanak were severely affected by these landslides. Roads 
perpendicular to the landslide runoff were buried which disrupted rescue operations.  
 
The landslide site at Kapalo Koto, a part of the Pulau Air Village, was buried by the landslide. The 
concrete slab foundation and brick and timber debris of the destroyed Kapalo Koto elementary school 
were the only remains in the site. Located near a dormant volcano named Mount Tandikek, the 
agriculturally-intensive Cumanak Village experienced the largest landslide with the highest number of 
causalities. A contributing factor to the large landslides may have been the wet season; the locals 
reported heavy rainfall on the morning of the landslide.  The infiltrated rainfall could have led to slope 
instability due to the increase in the pore pressure in these granular soils during the earthquake. The 
soil collected from the surface of the landslide debris was mainly weathered pumice, ranging in size 
from sand to fist-size rock, with the vast majority being less than 10mm in size. Such lightweight and 
porous material typically originates from volcanic rocks which underwent rapid cooling and 
depressurization when they were violently ejected from a volcano.  
 
The high number of casualties at these landslide sites was attributed to the coincidence of a large 
village wedding ceremony taking place when the earthquake struck. Numerous timber houses were 
swept away by the landslide.  Due to the hilly and forested terrain accompanied with roads being 
buried by landslides, the site was difficult to access, delaying search and rescue efforts after the 
earthquake for approximately four days. Matters were made worst by a damaged pedestrian bridge 
which was the sole passage leading to the site. 
 
   
  
      Figure 10. A slip-circle landslide failure       Figure 11. An infinite-slip slope landslide at  
                       at Pulau Air Village   Cumanak Village 
  
4.4. Performance of lifelines 
 
In the city of Padang, the water distribution network was disrupted due to numerous pipe damages at 
the connections, thereby resulting in a total loss of water supply. The pumps for the water boreholes 
were also out of service due to loss of electricity for 10 days. Temporary water tanks and water storage 
trucks were used as short-term solutions; however, severe water shortages were experienced for 
approximately 5 days. 
 
Transportation networks received little damage from the earthquake in the city of Padang. No major 
vehicular bridges were reported as unfit for passage, and few roads were closed. In Pariaman, 
landsides and slope failures did cause disruption to roads and a pedestrian bridge, with a number of 
roads becoming impassable.  
 
Of the three largest hospitals in Padang City, only one (Dr. M. Djamil) remained operational after the 
earthquake. However, based on interviews conducted with hospital staff, it seems that Dr. M. Djamil 
hospital responded effectively and quickly to the earthquake. Only its oldest building, the polyclinic, 
collapsed, but with the use of outside tents and rerouting of patient-care and resources, the hospital 
was able to treat all existing and incoming patients from the surrounding areas. 
 
There was only minor loss of service in telephone landlines; however, the majority of mobile phones 
were out for 10 days. This was due to 80% of mobile phone coverage provided by one telecom 
company. This company had no (or a small amount) of generators for their mobile phone masts.  
Connection was re-established using transportable masts with their own diesel generated power 
supply. 
 
 
5. IMPLICATIONS FOR SEISMIC RISK  
 
Buildings over three storeys seemed to be the most affected. Although these types of buildings would 
have been engineered, they often performed worse than simple, poorly constructed buildings.  Again, 
this could be due to the depth of the earthquake filtering out the high frequency components of the 
earthquake. Industrial and port facilities performed extremely well and only suffered minor 
mechanical or operational damage. There were examples of buildings that experienced strong ground 
shaking (evidenced by the major damage to masonry infill) that suffered only minimal structural 
damage. This suggests that the latest Indonesian earthquake code, its design practices and 
construction, is capable of providing the guidelines for designing and constructing buildings that are 
seismically sufficient for an earthquake of this intensity (structurally, at least). Larger engineered 
buildings in Pariaman, although much closer to the epicentre, seemed to fare better than those in 
Padang.  
 
6. FEASIBILITY OF REMOTE SENSING TECHNOLOGIES FOR LANDSLIDE ANALYSIS  
 
In view of the large extent of landslide occurrences during the 2008 Wenchuan earthquake in China 
(Free et al., 2008), the team was particularly interested in investigating the capability of using remote 
sensing technologies to characterise earthquake-induced landslides observed in Padang. Four sources 
of data were applied to depict the boundaries of a landslide shown in Figure 12 to determine the 
consistency between these data sources. These sources included the Global Positioning System (GPS) 
survey readings collected on-site, a three-dimensional Digital Elevation Model (DEM) from the 
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), two-dimensional post-
disaster satellite imagery from Satellite Pour L’Observation de la Terre (SPOT) acquired by CRISP 
NUS, and the GoogleTM Earth base. The on-site GPS survey readings were collected via a TOPCON 
GPS hand-held receiver electronically based on the average coordinates from three strong signal-
emitting satellites within the vicinity. The aerial differences between these on-site satellite coordinates 
were less than 0.23 seconds in the longitudinal and latitudinal coordinates and 6.9 m in elevation. The 
ASTER DEM has a spatial resolution of approximately 30m.  The SPOT-5 satellite imagery has a 
spatial resolution of 10m. The GoogleTM Earth base is constructed with Landsat satellite images of 
15m and SRTM DEM of assumed 90m in spatial resolution.  
 
 
 
Figure 12. Location of landslide boundary points, superimposed on SPOT-5 image acquired by CRIPS NUS 
with GoogleTM Earth’s terrain background feature (0o29'52.64”S, 100o14’26.59”E) 
The investigated landslide had an approximate scarp height of 65m and debris runoff distance of 
230m. The results of the computation shown in Table 6.1 indicate a low spatial difference of 0.37 arc 
seconds (about 11m) or less between the coordinates obtained from the SPOT-5 imagery and the GPS 
survey records. This demonstrates a high degree of accuracy with the use of remote sensing 
technologies for landslide hazard assessments within the region. In addition, the difference in 
elevation between the GPS survey, GoogleTM Earth and the ASTER DEM differed reasonably. 
However, it is noted that there could be an underestimation of elevation at the summit of the scarp 
(Boundary Point I) from the DEMs of ASTER and GoogleTM Earth. This is based on the low 
possibility of such considerably long debris runoff distance produced from the moderate slopes 
derived from these DEMs. 
 
Table 6.1. Coordinates of Landslide Boundaries from GPS Survey, SPOT-5 Imagery, ASTER DEM and 
GoogleTM Earth 
Boundary 
Point 
GPS Survey SPOT-5  
Imagery 
ASTER 
DEM 
GoogleTM 
Earth 
Root Mean 
Square (RMS) 
Max Difference 
with RMS 
0o29'49.14”S 0o29'48.74”S 0o29’48.94”S 0.20”   (6.0 m) 
100o14’28.09”E 100o14’27.36”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’27.73”E 0.37” (11.0 m) 
I 
240.000 m - 205 m 216 m 220.8 m 19.2 m 
0o29'51.22”S 0o29'51.05”S 0o29’51.13”S 0.10”   (2.9 m) 
100o14’25.51”E 100o14’25.19”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’25.29”E 0.22”   (6.6 m) 
II 
186.605 m - 201 m 198 m 195.3 m 8.7 m 
0o29'52.14”S 0o29'52.04”S 0o29’52.09”S 0.05”   (1.5 m) 
100o14’25.37”E 100o14’25.07”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’25.22”E 0.15”   (4.5 m) 
III 
200.216 m - 200 m 192 m 197.4 m 5.4 m 
0o29'54.08”S 0o29'53.83”S 0o29’53.96”S 0.13”   (3.8 m) 
100o14’23.96”E 100o14’23.55”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’23.76”E 0.21”   (6.2 m) 
IV 
198.397 m - 193 m 184 m 191.891 m 7.9 m 
0o29'56.14”S 0o29'56.11”S 0o29’56.13”S 0.02”   (0.5 m) 
100o14’25.08”E 100o14’24.83”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’24.96”E 0.13”   (3.8 m) 
V 
187.860 m - 182 m 180 m 183.317 m 4.5 m 
0o29'55.01”S 0o29'54.74”S 0o29’54.88”S 0.14”   (4.1 m) 
100o14’27.65”E 100o14’27.04”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’27.35”E 0.31”   (9.2 m) 
VI 
184.767 m - 184 m 184 m 184.256 m 0.5 m 
0o29'52.07”S 0o29'51.97”S 0o29’52.02”S 0.05”   (1.5 m) 
100o14’28.04”E 100o14’27.54”E 
Based on Coordinates 
from SPOT-5 Imagery 100o14’27.79”E 0.25”   (7.5 m) 
VII 
187.731 m - 201 m 198 m 0.5 m 7.9 m 
 
 
7. CONCLUSION  
 
The timing of the event (17:16 local time) was very fortuitous. All schools were empty and most 
businesses located in major structures had no or few workers within. This helped to reduce the 
casualty figures significantly. The pattern of observed building collapse was very variable. Soft storey 
collapse was by far the major failure mode observed in engineered buildings. Many poorer types of 
construction survived, while seemingly engineered structures collapsed. The distribution of these 
failures was also not uniform, with structures that had collapsed located next to others with little 
damage. This suggests either variable soil conditions or inconsistent construction quality – or a 
combination of both. In Padang, extensive damage was observed in many engineered buildings. The 
major problems with the lifelines were the disruption of electricity, damage to the main water line, and 
loss of mobile phone coverage. Building foundation failures were minimal in Padang which indicates 
proper foundation design for engineered buildings, in general. Evidence of soil liquefaction in the 
form of sand boil deposition, upheaval of floor slabs and lateral spreading along the coastline were 
observed. Landslides are a major threat to this region, which led to significant casualties in rural areas.  
 
The greatest concentration of the deaths from this earthquake was due to landslides, and there was 
very little chance of survival for the residents of the houses in a landslide’s path.  Considering there is 
likely to be another event in the not-too-distant future, there is an urgent need to assess the risk posed 
by earthquake-induced landslides in Western Sumatra.  The devastating effect that these landslides had 
on the communities in Pariaman is a very strong argument to perform hazard assessment in other 
regions of the world. 
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